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Fig. 1. General view of soil plots at the Agronomy farm on which the experiments reported herein were carried on.
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SUMMARY
When the average values of the crops secured under various rota­
tions were calculated over a ten-year period, it appears that a three- 
year rotation of corn, oats and clover yielded much greater economic 
returns from the crops grown than a two-year alternation of corn and 
oats or the growing of corn continuously on a typical Wisconsin drift 
soil area. This was true on the untreated areas and on areas which 
were treated with manure and lime, manure, lime and rock phosphate, 
crop residues and lime, and crop residues, lime and rock phosphate. 
The difference was greater between the yields under the three-year 
rotation and the two-year alternation than between those on the three- 
year rotation and the continuous corn plot. This was true on the un­
treated or check soil and on the soils treated with manure and lime.
Under the five-year rotation of corn, oats, clover, wheat and alfalfa, 
where alfalfa remained on the land for five years, the value of the 
crops grown over the ten year period was slightly greater than under 
the three-year rotation on the check plots, definitely greater on the 
plots treated with manure and lime, but not quite as large on the plots 
treated with manure, lime and rock phosphate. Here the value of the 
crop was about $5 greater under the three-year rotation system. On 
the plots treated with crop residues and lime there was a slight dif­
ference in favor of the three-year rotation, but where rock phosphate 
was added with the crop residues and lime the crops under the five- 
year rotation were worth considerably more.
•Under the four-year rotation of corn, corn, oats and clover, the value 
of the crops grown over a ten year period was greater than under the 
five-year system  except where manure, lime and acid phosphate were 
applied, in which case the value of the crops grown was greater under 
the five-year rotation.
It would seem that in general probably the longer rotation of four or 
five years may be of more value, over a period of time, than the 
shorter three-year rotation. The latter is definitely preferable to the 
two-year system or to continuous cropping. The value of applications 
of manure, lime and a phosphate fertilizer to soils in the Wisconsin 
drift soil area under various rotations is definitely shown. Economic 
results are secured from the use of acid phosphate, but not with rock 
phosphate as used on these soils.
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Fig. 2. Fertilizer treatments increase wheat yields in the five-year rotation
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CROP RETURNS UNDER VARIOUS 
ROTATIONS IN THE WISCONSIN 
DRIFT SOIL AREA
By W . H. Stevenson, P. E. Brown and L. W . Forman.
How much better will it pay the farmer in the long run to 
rotate his crops instead of following the practice of continuous 
cropping, and which one of the varions crop rotations is likely
to be the most profitable ? • • Æ
These questions are behind the experiment reported m this 
bulletin. The results do not answer them definitely in all re­
spects, but they do show that in a ten year period, on a typical 
Wisconsin drift soil area, rotation bripgs greater money returns 
than continuous cropping, and that a four or fiye:year rotation is 
likely to prove more profitable than a three-year rotation, which 
in turn will pay better than a two-year alternation or continuous
cropping to corn. ,
While Iowa farmers usually understand in a general way tfiat 
the rotation of crops is essential, there are still some who 
follow the practice of continuous cropping because of the ap­
parently higher money value of one particular crop. Corn usu­
ally has a higher market value than any other general farm crop 
which may be grown in a rotation, and there is considerable in­
ducement, therefore, to raise corn continuously. Fortunately, 
the practice is not at all general and many who have tried it for 
a few years have seen its evil effects.and have been led to adopt 
some crop rotation.
Beside this question of how much économie value attaches 
itself to the rotation of crops, there is the further problem of the 
value of various fertilizer treatments on soils under different 
methods of cropping. What is the money value of the crops 
grown on fertilized land compared with those grown on^  unfer­
tilized land when various rotations or continuous cropping are 
practiced? The value of using fertilizers on many soils is un­
doubtedly governed to a considerable extent by the cropping sys­
tem or lack of system which is being follow ed on the particular 
land. .
The experiments reported in the following pages were 
carried out on land representative of the Wisconsin drift soil 
area and hence the results may be considered applicable to con­
ditions in that area. The results also probably indicate roughly 
what may be expected in general on similar soils of good average 
productivity in Iowa.
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AGRONOMY FARM FIELD EXPERIMENT PLAN
To study the value of various fertilizing materials under dif­
ferent systems of cropping on a typical area in the Wisconsin 
drift soil area of Iowa, a series of experiments was laid out in 
1914 on the Agronomy farm of the Iowa Agricultural Experi­
ment Station at Ames. Tests were planned using a five-year 
rotation of corn, oats, clover, wheat and alfalfa, keeping the al­
falfa on the same plots five years, a four-year rotation of corn, 
com, oats and clover, a three-year rotation of com, oats and 
clover, a two-year alternation of corn and oats and continuous 
cropping to corn. In the four-year rotation difficulties were en­
countered due to inadequate drainage of some of the area and the 
data from only a part of the plots in this system of cropping 
are included.
The plots laid out were 155' 7" by 28', or one-tenth of an acre 
in size. Roadways 14 feet in width were located between each 
series of plots. Seven foot borders were left between all plots. 
The various series of plots were so arranged that each crop of 
every rotation was grown every year. Thus there were five series 
of plots of the same treatment for the five-year rotation, four 
series for the four-year rotation, three series for the three-year 
rotation, and two series for the two-year alternation. The check 
plots in the three-year rotation and the two-year alternation were 
one-half the regular size of the plots and one was located at each 
side of the series. This arrangement was necessitated because 
of the limitations of the space available for the test.
The treatments tested in all the experiments centered around 
the use of farm manure, which represented the livestock system 
of farming and the turning under of crop residues which repre­
sented the grain system. In addition to these basic treatments, 
lime was applied as shown to be necessary according to qualita­
tive tests of the soil carried out by the Truog test. In the two- 
year and three-year experiments additional tests were included 
using rock phosphate with the manure and lime or with the crop 
residues and lime. In the four-year and five-year rotations, rock 
phosphate and acid phosphate were both employed either with 
the manure and lime or with the crop residues and lime. In the 
four-year system, only the results with manure and lime are re­
ported.
The various fertilizing materials were applied in amounts 
which are ordinarily used in practice. Manure was added at the 
rate of 8 tons per acre once in four years. In the crop residues 
treatment the straw and stover were returned to the land and 
the second crop of clover was plowed under. Limestone was ap­
plied in accordance with the requirements indicated by a quali­
tative test of the soils. Rock phosphate was applied in the
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amount of one ton per acre once in four years, and acid phos­
phate at the rate of 200 pounds per acre annually. The manure 
was applied in the fall and plowed under with the clover sod. 
The rock phosphate was generally applied in the fall and plowed 
under. The acid phosphate was applied in the spring and disced 
in. Lime was applied in the spring, preceding the clover crop. 
When one of the series of plots in the five-year rotation was to 
be seeded to alfalfa, additional applications of the various fer­
tilizer treatments were made. Thus the application of manure 
amounted to 2,000 pounds per plot or 10 tons per acre, rock 
phosphate 250 pounds per plot or 2,500 pounds per acre, and 
limestone. 750 pounds per plot or 7,500 pounds per acre. Since 
the initial applications; of limestone were made at the beginning 
of the experiment, additional amounts have been applied in ac­
cordance with the tests of the soil, the applications being made 
at the same times in the rotations.
The treatments of the various series of plots, together with 
the plot numbers and all the yields of the crops grown during 
the ten years the experiment has been under way, are given in 
the tables which are included in the appendix to this bulletin. 
In the discussion of the various tests, only the average figures 
for the various crops will be utilized.
The value of the various crops grown under these different 
rotations and with the various fertilizer treatments are calcu­
lated by using the ten-year average prices, 1913 to 1922, as 
given in the Iowa Yearbook of Agriculture for 1922. The fig­
ures employed are as follows: corn 73c, oats 44c, wheat $1.34, 
hay $13.11, alfalfa $16.97 (nine year average). These figures 
include the high prices of the war period, but they also include 
the very low prices of the period following the war. Hence it 
is felt that they are reasonably accurate.
THE FIVE-YEAR ROTATION
The average results secured on the five series of plots under 
the five-year rotation system are given in table I. The complete 
data will be found in tables A, B, C, D and E in the appendix. 
The data represent the average yields of all the crops grown on 
these five series of plots and they include 10 crops of corn, 13 
crops of oats, 7 crops of clover, 7 crops of wheat and 10 crops 
of alfalfa. In three cases oats were used in the rotation in place 
of wheat, hence the larger number of oats crops represented and 
the small number of wheat crops. In three cases the clover 
failed and- soybeans were grown, hence the yields for only 7 
crops of clover are given.
The effects of the different fertilizer treatments on the various 
crops grown in this five-year system are indicated in the table. 
Manure brought about a large increase in the yields of all the
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crops. There was an increase of 14.8 bushels in the corn, 6.3 
bushels in the oats, 0.91 tons in the clover, 8.1 bushels in the case 
of the wheat and 0.19 tons in the case of the alfalfa when the 
manured plots are compared with the average of the checks. Lime 
with the manure brought about further increases in all the crops 
grown. The effects were most pronounced, as would be expected, 
in the case of the clover and the alfalfa. Appreciable increases 
were also secured, however, on the other crops of the rotation. 
The acid phosphate and rock phosphate with the manure and 
lime brought about pronounced increases in the yields of all the 
crops grown except corn.
The crops residues treatment showed slight increases in crop 
yields in all cases except on the clover. The differences, how­
ever, were quite small. The application of lime with the residues 
increased the yields of clover and alfalfa, but showed little effect 
on the oats and none on the corn or wheat. The rock phosphate 
and acid phosphate both brought about pronounced increases 
when used with the crop residues and lime ,the acid phosphate 
having a greater effect on all the crops except the corn. The 
differences were not very large, however, except in the case of 
the clover, where the acid phosphate brought about much better 
results than the rock phosphate.
The figures obtained for the Values of the average yields of the 
various crops grown in the rotation over the 10 year period, cal­
culated from the average prices of the crops for that period, 1913 
to 1922, are given in table I. The same relationships among the 
various soil treatments are shown by these figures as were noted 
in the case of the average crop yields, altho the differences in 
values are of course more pronounced in the case of some of the 
crops and less pronounced in other cases. Here it is evidenced 
that the application of manure increased the value of the crops 
grown over this period to the extent of about $93 when compared 
with the first check plot. I f compared with the average of all 
check plots the value of the increase would amount to $79. The 
use of lime with the manure brought about a further increase 
worth $20. The rock phosphate with the manure and lime 
showed a still greater increase valued at $25 and the acid phos­
phate an increase valued at $54.
The crop residues treatment showed no increase over the ad­
jacent check, but gave an increase valued at $21 over the average 
of all three checks. The application of the lime with the crop 
residues gave increases valued at $6. The rock phosphate brought 
about an increase valued at $29, the acid phosphate an increase 
valued at $42.
The value of the various fertilizer treatments on the crops 
grown in the five-year rotation is calculated in table II. The
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TABLE II. THE VALUE OF 
CROPS GROWN ON FERTILIZER TREATMENTS A FIVE YEAR ROTATION.
(Data for 10 years)
IN THE
Plot treatments
Total 
value of 
average 
crops
Value of increases 
for treatments
Cost1
of
treat­
ments
Net
profitTreatment8 1 Value
Check2 .......................... $278.58 ........ ........ 1 ........
Manure ..................... 357.24 Manure $78.66 ........
Manure +  lime ............. 377.46 Lime 20.22 $11.50 | $ 8.72
Manure -(- lime +  rock |
phosphate ..................... 402.22 Rock phosphate 24.76 37.50 |
Manure +  lime +  acid |
phosphate ..................... 431.80 Acid phosphate 54.34 26.00 | 28.34
Crop residues ............. . 299.08 Crop residues 20.50 ........ 1
Crop residues 4- lime . . . 305.40 Lime 6.32 11.50 |
Crop residues +  lime +
rock phosphate ........... 334.40 Rock phosphate 31.00 37.50 I
Crop residues +  lime + 1
acid phosphate ........... 347.26 Acid phosphate 41.86 1 26.00 1 15.86
* on @ $2.00, rock phosphate @ $15.00, acid phosphate <g> 540.00 per ton.
* Average of value of crops on all check plots.
Manure 10 T, limestone 2% T, rock phosphate. 1% T, acid phosphate 14 T every 5 year period.
cost of the application of limestone is figured at $2 per ton, 
the rock phosphate at $15 per ton and the acid phosphate at $26 
per ton. The cost of the application of manure is not given inas­
much as it is very difficult to arrive at a satisfactory figure for 
the cost of applying manure to farm land. It is a by-product on 
the farm and any figure used would be entirely arbitrary and 
therefore open to considerable objection. Similarly in the case 
of the crop residues treatment, no calculation is made of the cost 
of the treatment. This might be figured from the market value 
of the corn stover and grain straws and the second crop of clover, 
but this would vary widely and hence such figures, would be arbi­
trary and of little significance. In the application of the lime­
stone, rock phosphate and acid phosphate, the cost of treatment 
is merely the cost of the fertilizing materials. No attempt is 
made'here to include the cost of applying the fertilizer. The 
figures given for the net profit from the fertilizer treatment 
should be clearly understood, therefore, to be based entirely on 
the average value of the crops grown and the cost of the fertilizer 
applied.
It is apparent from the figures given in table II that the 
value of certain fertilizer treatments on a typical Wisconsin 
drift soil area under a five-year rotation is considerable. The in­
creased value of the crops grown in this rotation over a ten year 
period, when an application of manure was made to the land, 
was $78.66. As the amount of manure applied was ten tons per 
five year rotation, which is the equivalent of the ordinary appli­
cation of eight tons once every four years, the total amount of
10
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manure applied over the ten year period was 20 tons. This 
would mean that the actual value.of the application of manure 
would amount to $3.92 per ton without taking into account the 
cost of application. This is a somewhat greater value per ton ot 
manure than the average figure secured from a study of the re­
turns from manure on a large number of soil types ini*16 state. 
It is within the range of the various values on the difterent soil 
types however, and serves to indicate how very profitable the 
application of manure may be to the soils in the Wisconsin drift 
soil area. The value per ton of manure may certainly be very 
large under this system of cropping and on this soil. It is in­
teresting to note further that the value of the manure per ton 
would probably have been greater with a smaller application. 
Perhaps six tons per acre every four years would have brought 
about greater economic returns per. ton of manure.
The application of lime with the manure gave a further in­
crease in the total value of the crops. This increase was calcu­
lated at $20.22. With the cost of the lime figured at $2 per ton, 
the total cost of the treatment would amount to $11-50. This 
would allow a net profit of $8.72 for the application of the lime. 
This is an excellent showing for limestone on acid soils m the Wis­
consin drift soil area. Apparently the addition of lime to such 
soils will prove of considerable economic value from the stand­
point of the increased crop yields secured. In some cases un­
doubtedly the lime could be purchased at a lower figure than $2 
per ton. In many instances on these soils the amount of lime ap­
plied would not need to be as large as that used in this particular 
case. In either case the cost of the lime application would be 
reduced and the net profit would be larger. On the other hand, it 
a long freight haul were involved in the securing of the limestone, 
a larger application were needed, and the cost of applying the 
lime to the land were taken into account, the net profit would be 
somewhat reduced. It would seem, however, that the margin of 
profit is large enough in the figure secured to indicate very defi­
nitely the value of applying lime to this soil area when the need
is evidenced by careful tests.
The application of rock phosphate in addition to the manure 
and lime brought about an increase in crop yields over the ten 
year period valued at $24.76. The cost of the application of the 
rock phosphate, however, amounted to 37.50, hence there was no 
net profit indicated for the treatment. It should be noted that the 
rock phosphate was used in this experiment at the rate of one ton 
per acre once in a four-year rotation. This was the amount rec­
ommended for use by all authorities advocating the use of rock 
phosphate for fertilizing purposes at the time this experiment was 
begun. Recently there seems to have been developed a difference
11
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Fia- 4 Corn on soil treated with manure, limestone and rock phosphate in the five-year rotation. Compare with fig. 3, show- 
- ‘ ing yield on check plot. Note the difference in amount of seed corn (right) on treated soil.
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of opinion regarding the size of the application of rock phosphate 
and suggestions have been offered that smaller amounts should 
be employed and when such smaller^ amounts are used greater 
economic values for the treatment will be secured. The latter 
view seems quite reasonable at the present time and it is be­
lieved that with smaller applications of rock phosphate quite as 
large increases in crop yields might be secured and hence a pro­
fit from the use of the fertilizing material would be shown. _
The results secured in this experiment should not be inter­
preted to mean that rock phosphate will not prove of profit on 
Wisconsin drift soils if it is applied in smaller amounts. It can 
merely be concluded that, under the conditions of this experi­
ment, the application of the rock at the rate of one ton per acre 
every four years did not prove of profit according to data se­
cured in the five-year rotation over a ten year period. It should 
be noted further that the effect of the application of the rock 
phosphate would undoubtedly extend over a longer period of 
time than that over which this experiment has been carried. The 
residual effects of rock phosphate are undoubtedly evidenced for 
many years after application. In fact, one of the reasons ad­
vanced by the proponents of the use of rock phosphate has been 
the desirability of building up the content of phosphorus in soils 
so that the element phosphorus will not become a limiting factor 
of growth in the future. The purpose of applying rock phos­
phate to land to secure not only early effects on crop growth but 
future increases was really the reason for the recommendation 
that the rock phosphate should be supplied at the rate of at least 
one toil per acre once every four years. It seems quite probable, 
therefore, that when this particular experiment has been carried 
on over a long period of years the effect of the application of 
the rock phosphate may be quite different when considered from 
the economic standpoint, and particularly if the time is reached, 
as supporters o f the use of rock phosphate claim it will be, when 
further additions of the fertilizer will become unnecessary and 
increases in crop yields from the earlier use of the rock phos­
phate will continue to be evidenced. Whether such a time will 
be reached is, of course, entirely problematical.
The application of acid phosphate with manure and lime 
brought about crop increases valued at $54.34 over the ten year 
period. The cost of the acid phosphate was $26.00, hence the net 
profit from the application was $28.-34 or over 100 percent. The 
acid phosphate was applied at the rate of 200 pounds per acre 
annually, the amount of the fertilizer usually recommended for 
use. In the light of recent experiments it seems quite probable 
that quite as large ipcreases might have been secured from the 
use of smaller amounts of acid phosphate. Perhaps 100 to 150
14
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Fig. 5. Corn on soil treated with manure, limestone and a complete commercial fertilizer in the five-year rotation. Compare 
with fig. 3 showing the yield on untreated soil. Note the greater amount of seed corn (right) on treated soil.
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pounds per acre annually would have brought about Quite as 
pronounced effects, in which case of course the net profits from 
the application would have been greater. From the results se­
cured, hdwever, it is quite evident that very large profits may 
result from the application of acid phosphate to soils in the 
Wisconsin drift soil area, particularly under a rotation similar 
to that used in this test. It is of particular interest to note the 
very much larger value of the increases secured from the acid 
phosphate over the rock phosphate in this experiment. Regard­
less of the difference in cost of the two materials the value of 
the increase from the acid phosphate was over twice as much as 
from rock phosphate. It wbuld seem, therefore, that in many 
cases acid phosphate may be more profitable for use on Wiscon­
sin drift soils than rock phosphate. It should be noted further 
that the entire beneficial effects of the acid phosphate undoubt­
edly have not been evidenced on the crops thus far grown. There 
are residual effects of acid phosphate as have been demonstrated 
in many experiments which will persist over a number of years 
after the application has been made.
While no attempt has been made to estimate the cost of the 
treatment with the crop residues, it is apparent from the table 
that the value of the increases in crop yields secured from the 
utilization of crop residues may be considerable. The value of the 
increase over the ten year period is figured at $20.50. It is ap­
parent that the proper utilization of crop residues under grain 
farming conditions may bring about very profitable returns on 
land in the Wisconsin, drift soil area.
The application of lime with the crop residues gave increased 
crop yields valued at $6.32., As the cost of the application of 
lime amounted to $11.50 there appears no net profit from the 
use of this material in this experiment. While very definite 
profitable effects were .secured under the livestock system of farm­
ing with the use of manure it seems that the application is less 
effective with crop residues. Effects of additions of lime under 
other field conditions even in this same soil area might of course 
be different; and it is believed from other experiments and from 
much farm experience that applications of lime will in general 
prove, of profit even under the grain system of farming, when 
used with the crop residues. This will undoubtedly be true if 
the soil is distinctly acid in réaction, and larger applications of 
lime are required than was true in this particular experiment. 
It is urged that soils be tested for lime needs and that limestone 
be applied according to the requirement shown by the test if the 
best crop yields are to be secured. Under general farm condi­
tions it seems quite certain that the addition of lime will prove 
profitable; ^
16
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Fig. Corn on soil treated with manure, limestone and acid phosphate in the five-year rotation Compare with 
showing the yield on untreated soil. Note the greater amount of seed corn (right/ on the treated soil.
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The application of rock phosphate with the crop residues and 
lime brought about increased crop yields valued at $31. ihe 
cost of the treatment, however, was $37.50, hence there appeared 
no net profit from the use of the rock phosphate As has been 
noted, this lack of a net profit from the use of rock phosphate m 
this particular experiment may be attributed m part to the size 
of the application and in part to the fact that the effect of the 
rock phosphate will undoubtedly be exerted over a longer period 
of time and later results in this same experiment may alter con­
siderably the conclusions which appear from the data thus tar
secured. .
Acid phosphate applied with the crop residues i^me
brought about increases valued at $41.86. At a cost of $26.00 
for the treatment, a net profit of $15.86 is shown from the use 
of-this fertilizer. The actual value of the crop increases secured 
from the acid phosphate is greater than that brought about by 
the use of the rock phosphate, so that, in spite of the difference 
in the cost of the two materials, the acid phosphate brought about 
better results. The net profit is not as large under this system 
of farming with the use of crop residues as was the case under 
the livestock system of farming, when the acid phosphate was 
used with manure and lime. The profit, however, amounts to 
over 60 percent, compared with over 100 percent in the livestock 
system Again, it may be noted that the value of the acid phos­
phate might have been greater had the application been smaller. 
Furthermore, there undoubtedly are residual effects of this 
material which will be evidenced in later years. _
These results indicate some rather definite conclusions regard­
ing the value of fertilizer treatments on the crops grown in a 
five-year rotation in the Wisconsin drift soil area from the data 
secured for a ten year period. The very large value of applica­
tions of manure was evidenced and lime with manure showed a 
distinct profit. Rock phosphate did not appear to be profitable m 
the amounts which were used in this experiment, namely one ton 
per acre once every four years. The use of acid phosphate proved 
of very large value, giving over 100 percent profit from the treat­
ment, the amount used being 200 pounds per acre annually. The 
turning under of crop residues under the grain system of farm­
ing proved of considerable value and showed that increases from 
the treatment may be considerable. The use of lime with the 
crop residues did not show a profit in this particular test. Rock 
phosphate with the lime and crop residues showed no profit, 
probably largely because of the size of the application of the 
rock. Acid phosphate, however, when applied with the lime and 
crop residues showed a very distinct profit, amounting to over 
60 percent.
18
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THE FOUR-YEAR ROTATION
The average yields of corn, oats and clover on the four series 
of plots under the four-year rotation are given in table III. As 
has been noted, there were difficulties during the early years of 
the experiment with the drainage of some of the plots in this 
series. Hence the data under the crop residues system are not 
given. Tests with varying amounts of manure and with a num­
ber of fertilizing materials in addition to rock phosphate and 
acid phosphate were also carried out under the four-year rota­
tion and as there are no comparisons under the other rotations 
these data are omitted. The data given include all the results on 
plots 1, 2, 4, 6, 9, 11, 12 and 16 of each range, four check plots 
(1, 6, 11 and 16), the manure plots, manure-lime plot, the plots 
receiving manure, lime and rock phosphate and those receiving 
manure, lime and acid phosphate.
The complete data for the ten-year period are given in tables 
F. G. H and I in the appendix. In two cases the clover failed 
and soybeans were grown, but the results with this crop are not 
included in the averages. In one season the clover yield was not 
secured on the fourth check plot and in two other seasons the 
corn yields were not taken on the check plot nearest the poorly 
drained area.
The beneficial effect of the various fertilizers on the different 
crops grown is apparent in table III. Manure increased the 
yield of corn by 8.3 bu., the yield of oats by 7.0 bu. and the 
clover by 0.61 tons when the manured plots are compared with 
the average of the checks. Lime with manure had little effect on 
the corn and none at all on the oats. In fact, in the case of the
f  7 ERAGB CROP y ie l d s , t h e ir  v a l u e  a n d  t o t a l
VALUE OP ALL CROPS GROWN IN A FOUR-YEAR ROTATION OVER 
A TEN-YEAR PERIOD.
Corn Oats Clover Total 
values 
all crops 
10 years
Plot treatment Av. yield 
bu. (20 
crops)
Value4
$
Av. 
yield 
bu. 10 
crops)
Value
$
Av. 
yield 
tons (8 
crops)
Value
$
Check ................ 53.9 (39.35> 62.1 (27.32; 2.52 (33.04; $347.65
Manure ................... 62.8 (45.84; 66.82 (29.39; 2.89 (37.89; 399.90
Manure +  lime . . . 62.9 (45.92; 64.4 (28.34) 2.62 (34.35; 386.32
Check ..................... 55.2 (40.30; 58.6 (25.78) 2.28 (29.89; 340.67
Manure +  lime -f- 
rock phosphate . 67.6 (49.35) 71.2 (31.33) 2.90 (38.01; 420.10
Check .................... 58.0 (42.34) 60.0 (26.40) 2.37 (31.07; 355.37"
Manure +  lime -f- 
acid phosphate . 65.9 (48.11) 68.0 (29.92) 3.27 (42.87; 420.02
Check ..................... 50.71 (37.01; 58.4 (25.70) 1.963 (25.70; 313.55
118 crops corn.
2 9 crops oats.
3 7 crops clover.
IH nffW T °P ten year average prices (1913-1922) corn @ 73c, oats ©> 44c and hay @ $13.11.
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latter crop the average yield was slightly less where the lime 
was used. The difference is not great, however, and simply 
serves to show that lime had no beneficial effect on oats. Simi­
larly in the ease of the clover there was no beneficial effect from 
the lime. This is contrary to the usual results and, indeed, is 
the opposite of the results secured under the other rotations. It 
is undoubtedly due to peculiarities in the particular plots. In 
general, lime gives definite increases in the case of clover and
other legumes. n - . , ,,
The rock phosphate with the manure and lime increased the 
corn by 4.7 bu., the oats by 6.8 bu. and the clover by 0.28 ton. 
The acid phosphate gave a gain of 3.0 bu. in the corn, 3.8 bu. 
in the oats and 0.65 ton in the clover. It was slightly less effect­
ive than the rock phosphate in the case of the corn and oats, but 
more effective on the clover. ,,
The values of the average yields of the crops grown over the 
ten year period, calculated from the average crop prices, are 
also given in table III. Some interesting.comparisons are appar­
ent in these figures altho the general relationships are, of course, 
very similar to those noted from a consideration of the yields. 
The total values of the crops over the ten year period, given in 
the last column of the table, show that the manure increased the 
value of the crops to the extent of over $60 when compared with 
the average of the check plots. No greater value was secured from 
the use of lime. The rock phosphate gave an increase valued at 
over $33 and the acid phosphate an increase valued at almost
exactly the same amount. .
These figures are summarized in table IV  and the cost of the 
fertilizers included, the profit from the application being calcu­
lated. The cost of the fertilizer is the same as noted under the 
five-year rotation. The cost of the application of manure is not 
given and in the figures for the cost of the other fertilizing mate­
rials, no attempt has been made to calculate the cost of applying 
the fertilizers. The data are directly comparable with those 
given for the five-year rotation.
The value of the application of manure was large, amounting 
to $3.03 per ton. This is a slightly lower value than that se­
cured in the .five-year rotation, and somewhat greater than the 
average figure for the value of manure calculated from the re­
sults secured on many soil types in the state. The value of ap­
plying manure to this soil is further emphasized and the returns 
under a four-year rotation certainly warrant its use.
The use of lime with manure did -not show a profit under this 
system of cropping. This may have been due to some abnormali­
ties in certain of the manure-lime plots, as in general lime does 
show returns on this soil. Definite value was secured in the
20
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TABLE IV. THE VALUE OF FERTILIZER TREATMENTS IN THE 
CROPS GROWN ON A FOUR-YEAR ROTATION.
(Data for 10 years)
Plot treatment 
Check2 ..............................
Total 
value 
of av. 
crops
$339.33
Value of increases 
for treatments Cost of treat­
ment1
........
Net
Treatment3
..........
Valuei
........
profit
........
Manure ............... ..............
Manure +  lim e...............
399.90
386.32
Manure
Lime
$60.57
........
........
$11.50
........
........
Manure +  lime +  rock 
phosphate ..................... 420.10 Rock phosphate 33.78 37.50
Manure +  lime +  acid 
phosphate ...........
|| 420.02 Acid phosphate 33.70 26.00 $7.70
1 Cost figured on lime at $2.00, rock phosphate @ $15.00 and acid phosphate
@  $26.00.
2 Average value of crops on all check plots. .____, „no
2 Manure 8 T, limestone 2 T, rock phosphate 1 T, and acid phosphate 800
pounds.
y-
five-year rotation and large increases from lime are frequently 
secured on the same soil in other localities. It( should be empha­
sized that this soil should be tested and lime applied as needed, 
for the best results, and in general the application will prove 
distinctly profitable. Later results on these same plots may lead 
to different conclusions.
The rock phosphate gave increases in crop yields valued at 
$33.78, but the cost of the application was $37.50, hence the 
treatment did not prove profitable. As noted in the discussion 
o f the five-year rotation results, it is quite possible that smaller 
applications of the rock would bring about quite as large in­
creases and in that case the treatment would prove profitable. 
However, the amount used was one ton per acre, per four-year 
rotation, as is generally recommended. It may be desirable to 
use 1,000 pounds or 1,500 pounds in later work for comparison.
Further, the residual effects of rock phosphate are known to 
be considerable and later results may show better economic re­
turns. In any case, however, it should be concluded from these 
«data only that rock phosphate as employed .in this test did not 
prove profitable. Tests on individual farms with smaller amounts 
.are recommended before farmers draw definite conclusions.
The acid phosphate with the manure and lime gave increases 
in crops valued at $33.70. There was a profit, therefore, from 
this material of $7.70. Again, it may be noted that smaller ap­
plications of acid phosphate would probably prove more profit­
able. Instead of the 200 pounds annually^ it would probably 
be better to apply 150 pounds for three years out of the four. 
There are indications in other work of greater profit from these 
smaller amounts. Of course, the entire beneficial effect of the 
acid phosphate is not shown in these data as there are residual
21
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effects from this material, too, which will appear over a longer 
period of time.
In general, however, it is apparent that acid phosphate may 
be distinctly profitable for use on this soil, under a four-year 
rotation. Indeed, it may often prove more profitable that rock 
phosphate, as was true in this ease. The conclusion seems well 
warranted that manure and a phosphate fertilizer are very de­
sirable for use in the Wisconsin drift soils and it appears that 
acid phosphate is preferable to rock phosphate.
THE THREE-YEAR ROTATION
The results secured on all the plots and in each year over the 
ten year period for the three-year rotation system are given in 
detail in tables J, K and L in the appendix. The summarized 
data showing the average yields of the three crops, corn, oats 
and clover, over the ten year period are given in table V. The 
individual results need not be considered here and attention may 
merely be directed to the data given in the table.
The application of manure and lime under this rotation sys­
tem brought about large increases in the yields of all three crops. 
There was an increase over the average of the checks of 17.2 
bushels in the corn, 12.1 bushels in the oats and 0.98 ton in the 
clover. When rock phosphate was applied with the manure and 
lime, further increases in crop yields were secured, amounting 
to 4 bushels of corn, 2.1 bushels of oats and 0.65 ton of clover. 
The crop residues and lime increased the yields of corn by 11.9 
bushels, and of oats by 4.9 bushels. Rock phosphate with the
TABLE V. AVERAGE CROP YIELDS, THEIR VALUE AND TOTAL. 
VALUE OF ALL CROPS GROWN IN A THREE YEAR ROTATION OVER 
A TEN YEAR PERIOD.
Corn Oats Clover
Plot treatment1
Av. 
yield 
bu. (10 
crops;
Value2
$
Av. 
yield 
bu. (10 
crops!
Value
$
Av. 
yield 
tons (7 
crops!
Value
$
value
äll
crops 
10 yrs.
Check ..................... 50.8 (37.08! 54.7 (24.06! 1.38 | (18.09! $264.10
Manure +  lime .. 67.6 (49.34! 65.7 (28.90! 2.42 | (31.72i| 366 >53
Manure +  lime +  
rock phosphate .. 71.6 (52.26! 67.8 (29.83! 3.07 1 (40.2411 407.76s
Crop residues +  
limé ....................... 62.3 (45.471 58.5 (25.741 1.591 | (20.8411 306.83
Crop residues +  
lime -f- rock phos­
phate . . . . __ ____ 63.3 (46.20) 61.2 (26.921 1.534 1
1.
(20.0511 310.56
Check ....................... 50.0 (36.50! 52.6 (23.14! 1.50 | (19.66,1 264.33
1 Treatment same as on 5-year rotation.
1 Values figured as in Table I of 5-year rotation.
* Cost of treatment $37.50 for rock phosphate—increase for rock phosphate  ^
with manure and lime over manure and lime was worth $41.23—hence a. 
profit of $3.73—with crop residues treatment no profit for the rock phos­
phate.
1 One cutting only.
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crop residues and lime showed a small increase of 1 bushel for 
the com, 2.7 bushels for the oats and about the same yield for 
the clover. It should be noticed that in the case of the crop 
residues plots, the clover yields represent one cutting only, the 
second crop being plowed under.' The results on these two plots 
therefore should not be compared with the check yields. It may 
merely be noted that the crop residues and lime showed an in­
crease, while the rock phosphate applied with the residues and 
lime had little effect on the crops grown in this rotation over the 
ten-year period.
The values of the various crops calculated as in the case of the 
five-year rotation show very much the same effects from fer­
tilizer treatment as is evidenced by the data for the average crop 
yields. These data need not be considered in detail as it is the 
total value of the crops over the ten-year period which is of the 
most significance. The figures as given in the last column of 
the table show a value for the increases in the crops grown when 
applications of manure and lime were made, valued at $102.00. 
The application of rock phosphate with the manure and lime 
brought a further increase valued at $41.00. The crop residues 
and lime showed’increases over the average of the checks, valued 
at $42.00. The rock phosphate with the crop residues and lime 
showed only a small increase valued at $3.73.
The data from the three-year rotation will not be considered 
from the standpoint of cost of application and profit as was done 
in the case of the five-year rotation inasmuch as it is impossible 
to calculate the cost of treatment with the manure and lime to­
gether. As has been noted, it is impossible to arrive at a satis­
factory figure for the cost of manure and as manure and lime 
were applied together, the effect of the one or the other material 
could not be distinguished. It may merely be concluded, there­
fore, that the application of manure and lime to this soil under a 
three-year rotation system brought about a very large and profit­
able increase in crop yields. Figuring the value of the lime the 
same as that secured under the five-year rotation system, it would 
seem that the manure would have a value of about $4.00 per ton, 
a figure very much the same as that secured under the other 
rotation.
The use of rock phosphate with the manure and lime gave an 
increase valued at $41.00. The cost of treatment, with the rock 
phosphate was $37.50, so that only a small net profit of $3.50 
was secured over the ten-year period, from the use of this mate­
rial. When rock phosphate was used with the crop residues and 
lime, only a very small increase was secured of low value and 
there was no net profit from the use of the material. As has 
been noted in* the discussion of the five-year rotation results, the
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Fig. 7. Clover yield on plots treated with crop residues and limestone 
(left) was much greater than on the untreated plot (right; in the three-year 
rotation.
rock phosphate was probably applied in too large amounts, for 
the effects to prove of large economic value. Furthermore, data 
over a longer period of time might change the conclusions, inas­
much as there are large residual effects from applications of rock 
phosphate. It would not seem from these results, however, that 
the use of rock phosphate with crop residues and lime under a
Fig. 8. Clover yield on plats treated with crop residues, limestone and. 
rock phosphate (left) was much greater than on the check plot in. the three- year rotation.
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Fig. 9. Clover yield increased by manure and limestone in the three-year 
rotation period.
Fig. 10. Clover yield increased by manure, limestone and rock phosphate in 
the three-year rotation.
three-year rotation on the Wisconsin drift soil area would be de­
sirable inasmuch as very slight effects from the application have 
been noted over a ten year period.
The crop residues and lime treatment showed an increase in 
crop yields valued at $42.00 over the average of the checks. 
Again, it is impossible to calculate the cost of treatment in this 
case and the conclusion may merely be drawn that the use of
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lime with crop residues or under the grain system of farming 
may be of considerable value in keeping up crop yields and in­
creasing the value of the crops grown. The effect of the crop 
residues and lime is very much less than that of the manure and 
lime. It is interesting to note, however, that under the grain 
system of farming the thoro utilization of crop residues and the 
application of lime as# needed will be of material benefit to crop 
yields.
THE TWO-YEAR ALTERNATION
The ¡data secured for all the crops grown are given in tables 
M and Nun the appendix. The average figures for the ten crops 
of .corn and ten crops of oats grown over the ten year period are 
given in table VI.
The beneficial effects of the use of manure and lime on this soil 
under a two-year alternation system is evidenced by the yields 
secured. The average increase in corn over the average of the 
checks amounted to 12.8 bushels, the average increase in oats, 
to 11.7 bushels. When rock phosphate was used with manure 
and. lime there was a further increase of 1.4 bushels in the corn, 
but no gain was evidenced in the oats. The crop residues and 
lime showed an increase for corn amounting to 5.5 bushels. With 
the oats, however, no gain was evidenced. The rock phosphate 
with the crop residues and lime showed a further increase of 
2.8 bushels in the corn and an increase of 5.1 bushels over the 
average of the checks in the case of the oats.
The figures for the values of the crops which are given in the 
tables need not be discussed in detail inasmuch as they show very 
much the same relationship as was brought out in the case of the 
average crop yields. It appears that the application of manure 
and lime is of large value on this soil in bringing about increases 
in the yields of corn and oats under the two-year alternation sys­
tem. The crop residues and lime treatment showed slight effect, 
while the use of rock phosphate with the manure and lime or 
with the crop residues and lime had only small effect.
The figures given in the last column of the table show the 
value of the total average crops grown over the ten year period, 
or the actual money value of the treatments as measured by the* 
increases in crop yields. The manure and lime showed an in­
crease valued at $66 over the adjacent check. When the aver­
age of the checks is used in the calculation, however, the manure 
and lime gave an increase valued at $72. The rock phosphate 
with the manure and lime had only small effect, the increases in 
crop yield being valued at only about $4. The crop residues and 
lime showed an increase valued at $17 over the average of the 
checks. The rock phosphate with the crop residues and lime
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showed larger effects than when applied with the manure and 
lime, giving an increase valued at $23.
As was noted in the discussion of the results of the three-year 
rotation, it is not possible to calculate the cost of treatment for 
the manure and lime together and likewise it is not possible to 
determine the actual cost of the crop residues plus lime treat­
ment. Ilf may merely be concluded from the data given in table 
VI, therefore, that the use of manure and lime on this soil under 
the two-year alternation system of corn and oats is of great'value 
in increasing the crop yields. “I f  the value of the application of 
lime is assumed to be the same as in the five-year rotation, where 
it produced an increase valued at about $20, there would be left 
an increase valued at $52 for the manure. This would mean 
that the application of the manure would bring about an increase 
which would be valued at $2.60 per ton of manure applied, a 
somewhat lower figure than that secured in the five-year rota­
tion or in the three-year rotation, but still a very definite and 
profitable increase from the application.
The crop residues and lime treatment likewise showed a bene­
ficial effect on the crops grown in this cropping system, the in­
fluence being very much less than that of the manure and lime. 
The desirability of the treatment of soil with crop residues and 
lime is evidenced, however, by the fact that increases in crop 
yields are secured and these increases are of considerable value. 
The application of rock phosphate with manure and lime or with 
crop residues and lime did not prove economically profitable un­
der the conditions of this experiment. With the manure and 
lime the increases were valued at less than $5. With the crop 
residues and lime the increases were valued at about $23. The 
•cost of the application of rock phosphate amounts to $37.50>
VI. AVERAGE CROP YIELDS, THEIR VALUE AND TOT AT 
VALUE OP ALL CR^PS GROWN IN A TWO-YEAR ALTERNATION 
OVER A TEN YEAR PERIOD. iUJN
Corn Cats
Total 
value 
all crops 
10 yrs.
Plot treatment1
Av. 
yield 
bu. (10 
crops;
Value2
$
Av.
yield Value bu. (10 v a *
crops;
«jneck ............................ 39.5 | (28.83; 40.8 (17.95; 1 $233.90Manure _1_ lime ................. •50.6 | (36.93; 1 52.2 E (22.96; fa 299.45
phosphate 52.0
Crop residues +  lime
(37.96; 52.0
43.3
Crop residues +, lime -f-
rock phosphaté .............
Check ..................................
(31.60; 39.5
• 1 46.1 (33.65; 1 I45.6 1 1(20.06; 1 268 553
1 36.1 (26.35; 1 40.2 1 (17.68; 1 220 15
( 22 . 88; 304.20s
* Treatments same as in 5-year rotation
* Xal!ies fl8^red as in table I for 5-year rotation
Cost of treatment $37.50 for rock phosphate—no profit from treatment 
either with manure and lime or with crop residues and lime treatment
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hence the material was applied at an economic loss. Probably 
the amount of rock phosphate used was too large to sho\fr bene­
ficial effects. Then, too, the influence of the rock phosphate may 
appear over a longer period of time. Results may be secured in 
later years which will change the present conclusions. Prom the 
data given, however, it would not seem profitable to use rock 
phosphate in the amounts employed in this experiment under a 
two-year alternation of corn and oats in the Wisconsin drift 
soil area.
CONTINUOUS CORN
The results secured on the continuous corn plots for the ten- 
year period are given in table 0  in the appendix. The average 
results are given in table VII.
The application of manure brought about an increase of about 
12 bushels of corn over the average of the check plots. The use 
of limestone alone increased the yield by 5.4 bushels. The 
manure and limestone together brought about an increase of 4.1 
bushels over the manure treatment and an increase of 10.7 
bushels over the limestone treatment.
The value of the crop under the system of continuous crop­
ping to com is given in the table and the results indicate the 
same conclusions which were drawn from the comparison of the 
average crop yields. The data over the ten-year period are sig­
nificant and the value of the various treatments under continu­
ous cropping to corn is evidenced by the figures given in the 
last column of table VII. The manure treatment showed in­
creased crop yields over the ten year period valued at $65 when 
compared with the adjacent check plot. When compared with 
the average of the two check plots, the value of the increase was 
greater, amounting to $87. It is apparent that the application 
of manure is. of very large value on land under continuous crop­
ping to corn. The application of manure brought about crop in­
creases which showed a value of between $3 and $4 per ton for 
the manure applied, leaving out of account the cost of applica­
tion.
The limestone alone showed an increase in the yield of corn 
valued at $39 over the average of the check plots. With the cost 
of the application of the limestone calculated at $11.50, as in the 
case of the five-year rotation, the value of the increase from the 
use of limestone was very large, amounting to about $27. It is 
particularly interesting to note this large increase from the ap­
plication of lime on a crop like corn. The use of limestone with 
the manure brought about an increase valued at $30 over the 
manure alone, and an increase valued at »$68 over the lime alone. 
It would seem, therefore, that lime at a cost of $11.50 applied 
with manure, would give a profit of about $18 over the ten-year
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TABLE VII. AVERAGE CROP YIELDS, THEIR VALUE AND TOTAL 
VALUE OF ALL CROPS GROWN UNDER CONTINUOUS CROPPING TO 
CORN OVER A TEN YEAR PERIOD.
Plot treatment1 Av. yield bu. (10 
crops)
Value2
$
value 
all crops 
10 years
Check ............... ................... ...........| 36.0 |* (26.28) | $262.80
Mànure ...........................................| 44.9 (32.77) | 327.70
Manure +  lime ............................ | 49.0 (35.77) | 357.70
Lime ................................................ | 38.3 ! (27.95) | 279.50
Check ...............................................| 29.9 | (21.82) | 218.20
1 Treatments same as in 5-year rotation .
2 Values figured as in Table I for 5-year rotation.
period, on corn on this soil. The valne of the manure with lime, 
compared with the lime alone, showed crop increases which would 
give a value of over $3 per ton to the manure applied. It is ap­
parent that under continuous cropping to corn, very large ef­
fects may be secured in keeping up crop yields by the applica­
tion of manure and lime. The increased value of the corn 
grown over the ten year period under continuous cropping, when 
manure and limestone were used, was valued at $117, when com­
pared with the average value of the corn on the check plots.
COMPARISON OF VALUES OF CROPS FOR TEN YEARS 
UNDER VARIOUS ROTATIONS WITH CERTAIN 
FERTILIZER TREATMENTS
The average values of the crops for ten years under the five, 
four, three and two-year rotations and under continuous corn 
with various fertilizer treatments are given in table VIII. Some 
interesting comparisons are afforded by the data in this table. 
The value of the crops on the check plots as an average was very 
much greater in the four-year rotation than under the other 
systems of cropping. The five-year rotation was second with 
$61 less in value. Under the three-year rotation the value was 
third, with $14 less than the five-year rotation. The value under 
continuous corn was $24 less than under the three-year rotation. 
The value under the two-year alternation of corn and oats was 
the lowest, $13 less than under continuous corn. The use of 
manure alone was compared only under the five-year rotation, 
the four-year rotation and under continuous cropping to corn. 
Here the value of the crops was $42 greater under the four-year 
system than under the five-year rotation and under the latter the 
crops were worth $30 more than under continuous corn.
When manure and lime were applied, the value of the crops 
grown was the greatest under the four-year rotation, second un­
der the five-year rotation, third under the three-year rotation,
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fourth under the continuous cropping to corn and last under the 
two-year alternation. The value was $9 greater for the four-year 
rotation than for the five-year system, $11 greater for the five- 
year rotation than for the three, $9 greater for the three-year 
rotation than for continuous corn and $58 greater for the con­
tinuous corn than for the two-year alternation.
The use of crop residues alone cannot be compared as testa 
were carried out only under the five-year rotation. Crop residues 
and lime can be compared under the five, three and two-year 
rotations. The results are almost the same under the five and 
three-year rotations, amounting to about one dollar greater for 
the three-year rotation. Under the two-year alternation the 
value of the crops was about $62 less than under the other crop­
ping systems.
The application of rock phosphate with manure and lime af­
fected the crop yields considerably as tested under the five, four, 
three and two-year rotations. The greatest value from the crops 
grown under this treatment was secured in the four-year rota­
tion. Under the three-year rotation the value of the crops grown 
was $13 less than under the four-year rotation. Under the five- 
year system the crops were worth $5 less than under the three- 
year system. Under the two-year alternation, the value of the 
crops was $98 less than under the five-year rotation. In the four- 
year rotation, the rock phosphate gave an increase over the ma­
nure-lime treatment valu'ed at $33. In the five-year rotation, the 
rock phosphate with the manure and lime showed an increase 
over the manure-lime plot valued at $25. In the three-year ro­
tation the value of the increase from the use of the rock phos­
phate was $41. Under the two-year alternation the value of the 
crop increase was $5.
When the rock phosphate was applied with the crop residues 
and lime, the greatest value of the crop yields was secured under 
the five-year rotation. Under the three-year rotation the value 
of the crops was $24 less than under the five-year rotation. Under 
the two-year alternation, the value of the crops was $42 less than 
under the three-year rotation. The effect of the rock phosphate 
on the crop yields was to increase them considerably in all cases, 
but the value of the increase was greater under the five-year rota­
tion, amounting to $29. Under the three-year rotation the value 
was only $4, while under the two-year alternation the value 
was $24.
With acid phosphate applied with manure and lime, the crops 
under the five-year rotation showed a greater value than those un­
der the four-year system, the only cases in which comparisons 
are possible. There is a difference of- $11 in favor of the five- 
year system. The value of the acid phosphate over the manure-
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TABLE VIII. TOTAL VALUE OP ALL CROPS GROWN OVER A TEN 
YEAR PERIOD UNDER FIVE, FOUR, THREE AND TWO-YEAR RO­
TATIONS AND CONTINUOUS CROPPING TO CORN WITH VARIOUS 
FERTILIZER TREATMENTS.1
Treatment Five-year
rotation2
Four-year
rotation
Three-year
1 rotation
Two-year
rotation |
Continues
corn
Check» ......................... $278.58 $339.33 $264.21 $227.02 $240.50
Manure ......... ............. 357.24 399.90 .......... .......... 327.70
Manure -f- lime ......... 377.46 386.32 366.53 299.45 357.70
Manure +  lime +  
rock phosphate . . . . 402.22 420.10 407.76
1
304.20 | . . . ^ . .
Manure +  lime -f- 
acid phosphate . . . . 431.80 420*02
Crop residues ............. 299.08 ......... ......... .........
Crop residues +  lime 305.40 ......... 306.83 244.90
Crop residues -f- lime 
4* rock phosphate .. 334.40
1
.........  | 310.56
I
268.55 1 .........
Crop residues -(- lime 
+  acid phosphate .. 347.26
1
1 Calculation on basis of average crops in all rotations for 5 series of plots 
in the 5 year rotation, 4 series of plots in the 4 year rotation, 3 series 
in the 3 year rotation and 2 series in the 2 year rotation over a period 
of 10 years* Value calculated on average prices (1913-1922)corn @ 73c; oats @ 44c;
wheat@ $1.34; hay @  $13.11 and alfalfa <§> $16.97.
* Average of all checks.
lime treatment was shown to be $54 in the five-year rotation and 
$33 in the four-year rotation. __
In general, it would appear from the data given m table VIII 
that the value of crops grown over a ten year _ period under 
various rotations, is greater under a long rotation ot tour or 
five years than under the shorter rotation of three years and 
much greater than under a two-year alternation or continuous 
growing of corn. The greater value of all the crops grown over 
a ten year period is evidenced under the four-year rotation m 
practically all cases where different fertilizer treatments are em­
ployed. There is only one exception that is worthy of note and 
that is where the acid phosphate, manure and limestone were 
applied. Here the values of the crop increases were greater un­
der the five-year rotation than under the four-year rotation. In 
all other cases the effects were either very much greater under 
the four-year rotation or the same. The values of the crops under 
the five-year system were greater than under the three-year sys­
tem in all but one case.
Under the treatment of crop residues and lime there was ap­
parently a slight advantage in favor of the three-year rotation, 
but the difference was too small to be significant. With the crop 
residues, lime'and rock phosphate, the crops grown under the 
five-year rotation had a very much larger value than under the 
three-year system.
It is unfortunate that more comparisons cannot be made of 
the effects of acid phosphate as undoubtedly some interesting fig-
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ures would have been secured had this material been employed in 
comparison with rock phosphate under the shorter rotation sys­
tem. It appears, however, that with acid phosphate, manure and 
lime, the greater value of the crops grown was secured under the 
five-year rotation than under the four-year system. This was the 
only place where the five-year rotation surpassed the four-year 
rotation, It may have been due and probably is attributable to 
the greater effect of acid phosphate on the wheat and alfalfa 
grown in the five-year rotation.
The evidence secured in this experiment supports quite defi­
nitely the idea that the longer rotations of four or five years are 
of greater value than the shorter rotations. There is one excep­
tion to this, as has been noted, but in general it appears that re­
gardless of the fertilizer treatment the value of all the crops 
grown under the four-year rotation was greater over a ten year 
period than those grown under a five-year rotation and under 
this system the value of the crops was greater than under a three- 
year rotation, under a two-year alternation or under continuous 
corn.
The greatest difference in value of the crops grown is evi­
denced between the three-year rotation and the two-year alterna­
tion systems. Very striking differences are noted under the vari­
ous fertilizer treatments. Thus on the untreated soils under the 
three-year rotation, the value of the crops was $37 greater than 
under the two-year alternation. With manure and lime the 
value of the crops was $67 greater under the three-year rotation. 
Under the treatment with manure, lime and rock phosphate the 
value of the crops was $103 greater under the three-year rota­
tion. With crop residues and lime the crops were worth $62 
more. With the crop residues, lime and rock phosphate the 
crops were worth $42 more under the three-year system. The 
desirability of a three-year rotation including clover over a two- 
year alternation of corn and oats is very definitely shown by the 
data, both on untreated soils and on soils treated in accordance 
with usual farm practice.
Comparing the continuous growing of corn with the three-year 
rotation, as far as comparisons are possible, it seems that the 
rotation of crops is of considerable value from the standpoint 
of the maintenance of increased crop yields. Comparing the 
continuous corn with the two-year alternation of corn and 
oats, it is interesting to note that the value of the crops grown 
on the continuous corn plot over this ten year period was some­
what greater than that of the crops grown under the two-year 
alternation, being $13 greater on the check plots and $58 greater 
on the manure-lime plots, the only cases' where comparisons are 
possible. Over a longer period of years the relationship between
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the continuous cropping to corn and the two-year alternation 
would probably be altered somewhat as the yields of corn on the 
continuous corn plots will undoubtedly be reduced very much 
more during the next ten year period than during the first ten 
year period, while the reduction will probably not be so pro­
nounced under the two-year alternation. This is the usual result 
secured in experiments of this type. Over as short a period as 
ten years, however, it would not seem that the two-year alterna­
tion of crops will be any more valuable from the standpoint of 
the value of hte crop yields secured than the continuous cropping 
to corn.
APPEN DIX
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912 Check .................................... 24.5|24.7|2770|U.0|37.2|54.411.38 15.0142.7130.0
913 Manure .................................. 35.9|36.9|3560|12.2|65.7|45.7|2.45 25.3|62.7|41.9
914 Manure -j- lime ................. 33.9|37.5|2770|17.1|64.2|44.7|2.38 28.6|62.7|44.4
915 Manure +  lime +. rock 
phosphate i......................... 33.8 41.2 3660 19.4 68.6 43.1 2.60
I I
30.0|66.7|45.0
916 Manure +  lime +  acid 
phosphate ......................... 37.2 45.6 3910 17.8 80.0
!
52.212.74
1 1
34.3169.3147.5
917 Check .................................... 36.9|43.7|3010|17.1|35.7|40.3|1.77 25.0|56.0|38.1
918 Crop residues ................... ■ 38.4|39.4|3130|23.0|57.2|45.9|1.65* 31.5 62.7146.9
919 Crop residues +  lim e........|29.8|33.8|3130|25.0|55.7|46.2|1.80* 31.3165.3152.2
920 Crop residues lime +  
rock ohosphate” ............... 35,4 35.3 3280 23.4 62.8
I
48.712.00*
1 1
34.8176.0155.3
921 Crop residues +  lime +  
acid phosphate ............. 30.6
|
30.3|3280 27.6 64.2
■
47.812.05*
1 1
35.6|80.0|58.4
922 I Check .....................................|31.6|32.5|3010|13.6|44.3|50.611.40 |17.8|48.0|36.&
* One cutting only.
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TABLE B. FIVE YEAR ROTATION.
Treatment
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924 Check .......................... .149.0|0.65149.0|25.7|29.110.85 |15.3|47.2|32.8|1.60
925 Manure .............................. .162.8|1.35170.9|35.7|43.711.95 |20.3|60.0|52.5|2.65
926 Manure +  lime ............... .174.3|1.60181.9|41.4|45.013.10 |29.5|78.5|60.014.05
927 Manure +  lime +  rock 
1 phosphate .......................
1 1 1 1 1 I 
. 73.1 1.90184.4 42.8 49.1|3.55 |29.2|82.8|81.514.35
928 1 Manure +  lime +  acid 1 I 1 1 1 1 1 1 . 73.711.70 81.2|44.3|48.4|3.70 |31.7|85.7|62.8|4.95
929 Check . . .  i . . . . . ................ .|70v0|l. 50[68.8|47.2149.1)1.95 123.3|58.5|62.1|1.90
930 | Crop residues . . . . . . . . . . . 163.711.35170.9|47;2|50:0|0.95*127.6|65.7|64.1|1.20*
931 | Crop residues +  lime .. .159.410.80160.6138.6144,711:75*|19.8|64.3|60.611.15*
932 Crop residues +  lime +  
rock phosphate ............
1 I I 1 1 1 
. 57.510.70 60.0 35.7 45.0|1.28*|18.7|70.0|60.9|1.60*
933 Crop residues +  lime +  
acid phosphate ............
1 I I 1 1 1. 63.1 1.15 78.7132.8 48.2|1.35*¡23.0|64.3|68.1|2.95*
934 Check ....................... ........... .156.910.45153.4|30.0|46.3|1.40 |16.3|54.3|58.111.65
* Only one crop harvested, second crop turned under.
t Only one crop of clover was cut as the grasshoppers ruined the second crop. 
§ In 1917 oats replaced wheat in the rotation.
TABLE C. FIVE YEAR ROTATION
Treatment
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1000 Check ...........................|58.111.40|2.3510.95|0.7011.40177.2152.211.80 |34.3|50.0
1001 Manure .......................|62.8|1.65|2.55|1.1510.63|1.50|85.7152.5|2.05 |43.2|72.9
1002 Manure +  lime ........ |55.0)1.65|2.8011.40]0.58|1.50184.3152.8|2.45 139.8170.0
1003 I Manure +  lime +
| rock phosphate ___ 54.1 2.25 2.75 1.90(0.53 1.55
i i i I 
91.4154.712.55 |46.3|71.4
1004 | Manure +  lime +
acid phosphate . . .
i I 
67.2|2.60
I 1 1 1 1 1 I I  
2.85}1.90|0.80|1.90177.2154.412.95 |49.5|74.3
1005
1006
1007
1008
Check .........................|54.1|1.35|2.70|1.10|0.63|1.50]81.4|44.1|1.75 |29.0|50.0
Crop residues ........... |52.5|1.30|2.50|1.1210.7011.65|80.0|46.3|1.00*|37,8|54.3
Crop residues +  limel52.5]1.9512.25|1.27|0.75|l.65177.2|49.4|1.25*137.8157.1
Crop residues +  limel | 
+  rock phosphate (63.4|1.
I I I I I I ! I I
90|2.6511.4810.78|1.70|80.0|54.1|1.35*138.3160.0
1009
1 0 1 0
Crop residues +  lime|
H~ acid phosphate .[58.812, I I I I I20|2.25|1.60|0.88|1.75|62. I I I I 8|55.0|1.50*139.5164.3
Check ,|50.3|1.80|2.20|0.86|0.63|1.45|65.7145.611.65 135.01.47.1
* One cutting only.
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TABLE D. FIVE YEAR ROTATION.
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1012 Check........*.............. . . ....... 43.1|55.7|53.1|1.90 14.2|0.59|1.85|3.8013.6013.90
1013 Manure ................................ 50.6|52.4|64.713.40 23.0|0.95|2.0514.3014.45|4.30
1014 Manure +  lime ................. 56.9|43.1|50.0|2.95 |20.5|1.11|2.55|5.00|4.2514.80
1015 Manure ■+ lime +  rock
phosphate ....................... 55.9 52.4 66.2 2.70 26.0 1.12 2.8015.4514.8514.95
1016 Manure +  lime +  acid
phosphate ......................... 63.4 47.3 72.5 3.75 33.7 1.24 2.9015.6514.9515.45
1017 Check .................................... 44.7|47.4| 49.0|2.35 16.6|0.61|1.85|4.75|4.2013.80
1018 Crop residues ..................... 41.9136.8 37.211.75* 17.210.64|1.9515.05|4.50|4.35
1019 Crop residues -f- lime . . . 46.9|40.5|41.2|1.55* 18.5|0.82|2.20|5.7514.6014.55
1020 Crop residues +  lime +
i rock phosphate ........... . 51.8 44.-9162.5|2; 50* 23.8(0.68(2.55,[5.. 50.(4.551-4.80
1021 Crop residues +  lime + •
acid phosphate ............. 52.5 43.3(56.2 2.88* 22.510.6512.5015.30|4.7515.25
1022 1 Check .................................... |54.7127.7|48.4|1.95 |15.5|0.40|1.88|4.85|4.25|3.80
* One cutting only.
TABLE E. FIVE YEAR ROTATION
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1024 Check .................................. 2.22 10.8|58.7|48.2|5800|19.2151.4155.013300117.3
1025 Manure .............................. 4.13 14.3|74.7|61.216700129.7| 77.1|71.9|4100129.7
1026 Manure +  lime ................. 2.88 13.8|80.0|86.2|6300(30.0168.5178.114500133.4
1027 Manure +  lime +  rock 
phosphate ....................... 3.06 10.8 80.0 73.2
I t i l i  
6700127.2|78.5|73.514600135.5
1028 Manure +  lime -f- acid 
phosphate ....................... 3.60 14.8 77.3 70.0 6100 1 1 1 33.0172.8173.51 .. 37.7
1029 Check .................................... 2.03 1 4 .3|60.0|59.6|5400|18.8|57.1|59.013300114.8
1030 Crop residues ........... 1.12*| 6.7|49,2|60.0| .. 15.2155.7165.61 .. 18.2
1031 Crop residues +  lime . . . 1.12* 8.0|46.7|74.3| .. 13.9168.5|69.4| .. 20.0
1032 Crop residues +  lime +  
rock phosphate ............. 2.17* 16.5 58.7 79.3
i I
16.3170.0170.3 ■ 20.1
1033 Crop residues +  lime -f- 
acid phosphate . 2.53* 19.7 57.3 79.6
1 I
12.8168:51 .. .. 23.3
1034 I Check ................................... |2.74 | 7.7| ..  |63.2143001 . .f|31.4| . .  13500119.2
* One cutting only, 
t Plot 1034 drowned out.
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TABLE F. FOUR YEAR ROTATION.
Treatment
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1100 | Check ......................... •............|58.2|54.0149.7|2.55|64.3158.0[52.3|2.00157.3135.7
1101 | Manure ............................. . .|60.4|60.3172.2|2.70|81.4178.4154.8|2.85|77
1103 | Manure +  lime . |57.5|57.0|75.6|2.40|75.7|65.7153.7|3.00176
.6148.6
.3151.4
1108 1 Manure +  lime +  rock
U A.J- 1. .
l i l i l í
| phosphate ........................... 68.1 63.4 67.6 2.90|77.1|74.2|65.9|3.90177.6|51.4
1110 | Check ......................... ......|57.1|61.6|54.1|3.70|77.1|50.0154.713.40171.9150.0
lili Manure +  lime +  acid 
phosphate . . . . . . . . . . . . . .|59.2157.8166.1 3.55|85.7|64.3Í61.6|3.90|81 
.144.3154.7163.512.80165,7|57.3|58.213.20154
! I2154.2
6|34.31115 I Check
TABLE G. FOUR YEAR ROTATION
Treatment
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1200 | Check ...................................... |3.48|51.8|53.3|73.5|4000160.0|56.-2|56.911.70151.4
1201 | Manure .................................. |3.30|55.9|62.7|73.1|4000|65.7|64.5|61.3|2.15|71.4
1203 | Manure +  lime ................. |3.10|57.6)67.9171.214100|7Q.0168.7163.6|2.63|65.7
1208 | Manure +  lime +  rock I
1 phosphate ......................... ¡3.24 72.4 73.3 81.8 5900 i  ! !75.7172.8|74.5 2.33(68.5
1210 1 Check ....................................13.30|75.3|60.0|63.3|5600|68.5158.3|70,0|1.50|42.8
1211 | Manure +  lime +  acid
| phosphate . . . . . . . .......... 3.59 77.8 54.7 90.0 5800
I l  1 I 
77.1173.6172.013.00162.8
1215 I Check ....................................|2.30|58.1|26.7146.815500|55.7|49.6154.81 . ■ 138.6
TABLE H. FOUR YEAR ROTATION.
Ph
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Treatment
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Check ■ |84.4|2.05|70.2134.3|43.7|2.65167.1164.3|70.6|3.45
Manure .................................. |86.2|1.95|71.4130.3|38.1|2.80)71.4|70.0|75.314.65
Manure +  lime ■ 177.5|1.70[73.5|37.2137.512.45168.5170.0174, 6|4.15
1305 | C h e c k  ................................................... | 6 9 .1 | 1 .3 5 | 6 4 .8 | 3 5 .7 | 3 7 .5 ¡2 .3 5 | 6 7 .1 | 5 7 .2 | 6 9 .7 | 2 .8 5
1308 | M a n u r e  +  l im e  -f -  r o c k  
| p h o s p h a t e  ................................... 7 3 .2 | l .5 5 7 6 .4
1 1 1 1 1  1 
4 8 .6 1 5 2 .2 ( 3 .0 5 ( 7 7 .1 | 6 7 .2 | 7 8 .4 | 3 .70
1310 | C h e c k  ................................................... 6 5 . 6 | 1 .2 0 | 6 5 .2 | 3 5 .7 | 3 7 .5 ) 2 .1 5 | 6 2 .9 | 5 2 .8 | 6 7 .4 | 1 .60
1311 1 M a n u r e  +  l im e  +  a c id  
| p h o s p h a t e  ...................................
1
7 8 .4  2 .0 0 1 7 3 .7
1 1 1 1  1 1 4 5 . 7 | 4 3 .7 | 2 .8 5 | 8 0 .0 1 6 2 .8 | 7 9 .9 1 4 .3 5
1 3 1 5  | C h e c k  ................................................... 7 1 .2 [1 .1 0 | 3 3 .4 * . .  | 3 4 .4 ( 2 .3 0 | 5 4 .2 | .. . .1 7 4 .3 1 1 .8 5
Plot 15 in 1918 was drowned out and replnated and consequently did not 
mature and no records were taken in bushels per acre.
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TABLE I. FOUR YEAR ROTATION
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O ft O ft o o to ft O O O ft oj © O ft 2  ft w n
o o o ft o O o ft Oj: O Oft
4->o • io Lj 5©'-rJ S s S s O ^ rH £h co ^ :&é
E 05 »ft 05 ¿2 05 £  rH 0 5 ,0tH 05 »ft rH 05 -*-> 05 fO iH 05,0rH 05 rO
1400 | Check ............................. .|26.8|58.4|4280|37.2|45.7|58.4 |2.34|74.3|57.2|73.1
1401 |Manure ......................... . 146.5|63.5|5430|41.4[47.1171.5*12.73[78.5172.0|76.7
1403 | Manure -f- lime ........... .. . |50.2[61.5|4910|48.6|60.0|49.0 |2.56|62.8|73.4|79.6
1405 1 Check............................ • 144.2(51.513780|47.2|52.8152.5 12.49168.5170.0|65.6
1408 |Manure -f- lime -f- rock 
| phosphate ..................... i \m \  I 1 1 1 1 1 1.|43.1|65.6|4530|47.2|62.8163.1 |2.56|78.5|76.0|89.7
1410 |Check .................................. .|42.8)62.5!3520[45.7|58.6|53.1 )2.16174.3148.6171.4
1411
1
| Manure +  lime +  acid 
phosphate ................. . 1 1 1 1 1 1 1 1 I I . 147.6|58.8|6680152.8|62.8|55.0 |2.93|72.8|70.7|74.6
1415 [ Check .................................. .|43.3|61.8|3910145.6|60.0[54.1 |2.09|68.5|68.6|65.3
* Omitted from the average.
TABLE J. THREE YEAR ROTATION.
Pj_
817
Treatment
ft"u i* O © O ft
C5 rOS 305 ,0
rÛ p
o ft 
to
to
sfi
cu* *“•O 0)Ü ft
-+-> Ui CÔ O O ft
>©5 a
eÎH Sho © o ft ai 5 o ft
>© °  ft
sSho © « ft
Check
818
819
Manure +  lime
.|30.6146.3J4410137.2140.7|1.28 145.7149.4|1.00 J48.6 
,|47.6|44.7|4290|42.9|43.812.18 J67.1|66.9[1.90 [65.7
Manure +  lime +  rock 
phosphate ..................... 51.5|54.0|3790|47.2|40.9|2.86 58,5171.312.80 181.4
820 I Crop residues +  lime .. .|52.4|51.6|3910|42.9|47.2|1.59*|64.2|55.0|1.40*|65.7
821 ICrop residues +  lime -f- 
rock phosphate ............. 46.3 53.2 4290 37.2 I I
822 I Check . [43.1|55.714040130.0143.211.55 |51.4|40.7|1.50 [51.4
One cutting only.
TABLE K. THREE YEAR ROTATION
Treatment
ft^ u o ©O ft
fft ftUT Ur O <P oft U. Ul - o 0> TO ft
CO ,J 
.05 »ft
H CO xp Oft
oq 2
05
824 1 Check .............................. !39.4|0.65*|54.7|43.7|1000|57.2|37.-5|1.10 )|68.6|68.8
825 [ Manure +  lim e....... • • • • • 169.4[1.25*|74.7|62.5|3500|74.2178.1|1.60 |86.2|71.5
826 I Manure +  lime +  rock 
J phosphate .................
827 I Crop residues -f- lime
68.1 1.40*|77.3 68.713100172.8181.311.75 |95.1170.9
|59.7|0.80*[57.3I33.4B. ■ ■ |52.8|62.5|0.25*|79.0174.6
828 I Crop residues +  lime +  
rock phosphate .........
829 I Check
50.0 1.00*|60.0140.01 52.8162.5|0.25*|79.0|74.6
|21.3|0.40*|48.0|37.5|1100|48.6|37.5|0.85 165.7168.8
* One cutting only.
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TABLE L. THREE YEAR ROTATION.
P
lo
t 
no
. Treatment
19
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e
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 c
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bu
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pe
r 
ac
re
19
21
 c
lo
ve
r,
 
to
ns
 p
er
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e
19
22
 c
or
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bu
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pe
r 
ac
re
19
23
 o
at
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bu
. 
pe
r 
ac
re
19
24
 c
lo
ve
r,
 
to
ns
 p
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cr
e
830 Check . 2.45 45.8|79.4|1.30 62.8178.811.56 |57.1|63.1|1.75
831
832
Manure - 
Manure -
- lime .............
- lime +  rock
3.30 53.6 82.5 1.85 91.4170.0
1
3.09 72.9|68.114.20 
1 1
I phosphate.....................|3.40 .|57.0j78.7|3.40 |97.2|75.013.32 ]78.5|70.0|5.65
833 I Crop residues +  lime . .|2.50*|65.4174.0¡2.25*|85.7|73.7¡1.90*|65.7¡70.9|2.10*
834 Crop residues +  lime I I I l  I I+  rock phosphate ...[2.00*[63.6 69.7(1.75* 94.2[70.7|1.90*(70.0|74.012.35*
835 I Check ...........................,.|3.10 |28.5¡66.9|1.35 |71.4|80.011.70 |62.8|75.0|1.70
* One cutting only.
TABLE M. TWO YEAR ROTATION.
Treatment o V O ft ft S ©ft
ftb (h O <0 « ft
2
m
O ® o ft ctf <p O p,
cs-.  ^O <D O ft
ft
o a)o p
•H  ^C$ <D O ft
807 I Manure +  lime +  rock
phosphate ............................ 38.9 42.5|60.0 1 I I I 1 1 41.2|55.7|50.6|42.9162.5165.3146.6
808 i Crop residues +  lime ........|37.9|40.7|43.7|33.7|51.4146.6151.4154.7158 7142 2
809 Crop residues +  lime +
1 rock phosphate ................. 38.4 43.7 52.5 I I I  ! 1 137.5|52.9(54.7|55.7[59.4160.0148.4
TABLE N. TWO YEAR ROTATION.
Treatment ■y ^ft CD O ft
CQ
CÓ <p
o p
£ u O <D 
O  P
o 
O p
£k O <D 
O P
©  r* ?
P ftf 
o o u ft
M ?
811 Check .................................... • |32.8|40.2|41.2|31.4|40.0|40.0|50.0|48.6138.1134.3
812 1 Manure +  lime ................. .|66.8|44.2|44.3|34.3|40.7161.4178.1164.3149.6150.0813 Manure +  lime +  rock 
phosphate ........................ . 61.8 43.0 47.5 40.olôô.2I55.7|ô8.7|64.3Î42.8Î54.2
814 Crop residues +  lime ___ . 140.6132.7131.2128.6131.5142.8140.6|48.6Í34.1Í37.281b Crop residues +  lime +  
rock phosphate ............. 50.3 37.6Í34.3 31.4|41.2 40.0|53.l¡54.3)34.3(38.6
816 Check .................................... .|26.9|17.5|38.1|31.4|29.7137.2150.0145.7131.8131.4
f W l
• 4k
k *4
* M
■r'- ^
p #
t > #  
f  ^  v
/■ ^
¿1 Wpl * . •
><! it*
A
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TABLE O. CONTINUOUS CORN.
Treatment
af* u o V « ft
a*Sfe
O  Pi
mt* u 
O  <1) O ft
tWSho <x>
2sOi
cE U 
O  <D O ft o o o ft
e*o $
906 1 Check  ..............| 38.6| 36.0| 48.71 25.7| 38.6| 41.4| 34.2| 38.61 30.0| 28.5
907 | Manure ................I 36.8[ 35.6| 50.61 37.11 55.7f50.0l 48.5| 48.5| 51.3| 35.7
908.1 Marnare +  lime ,.| 41.2| 39.61 51.8| 38.6| 60.01 64.2| 50.0| 52.8| 52.51 34.2
910
........................1 19-2| 30.8| 47 .2| 31.4| 42.81 50.01 42.91 45.71 43.81 30.0
Check ....................I 10-5| 14.0| 40.01 24.3| 37.1| 45.7| 35.7| 32.8| 36.3| 22.8
19
24
39
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